Moodle is applied as an online learning management system in the Faculty of Medicine, Thammasat University (TU), where the curriculum has been based on problem-based learning (PBL) since 2015. Little research on the effectiveness of Moodle and students' attitudes during their studies at the preclinical medical level within a PBL curriculum has been conducted. Hence, this cross-sectional study focuses on second-and the third-year (MD-2 and MD-3) preclinical medical students' attitudes towards Moodle and its effectiveness in the PBL curriculum by using a 27-itemed self-constructed online questionnaire. Additionally, students' preferences as regards the materials managed by the Moodle platform were also evaluated as students' preferred behaving style (SPBS). After obtaining ethical approval from the Human Ethics Committee of TU No. 1 (Faculty of Medicine), the data was collected and analyzed by medians and inter-quartile ranges, Mann-Whitney U test, and Spearman correlation (ρ). After analyzing the data, the results indicated the following: (1) the top four attitudes scores, (2) the two lowest-attitude scores, (3) the top five effectiveness scores (Ef), (4) the three lowest effectiveness scores, and (5) the top three SPBS scores. Interestingly, a stronger positive Spearman's correlation (ρ) between 'Prefer doing quizzes in Moodle to in classroom' and 'Moodle enhances learning capability' was found for MD-3 compared with MD-2. This study reports that Moodle is preferable as a platform supporting students' self-learning within a PBL curriculum. However, to use the Moodle platform to the highest benefit, instructors need to upgrade its capabilities, especially in the area of student-teacher interaction and the enhancement of students' critical thinking and creativity, as demonstrated by the lowest scores obtained in this study.
Introduction
Teaching and learning through Internet platforms is very popular among instructors nowadays. This is not only due to the convenience and easy Teeranai Peerapolchaikul, Nuchanart Suealek, Panadda Rojpibulstit communication with learners but also because of the fact that the platforms offer a benefit in motivating learners to prepare the lesson beforehand and revise the learned contents, as well as to inquire about any problems with the instructors. Amongst the existing platforms, Moodle is globally one of the most popular open source ones. As a whole, the system is user friendly and capable of being both a content management system (CMS) and a learning management system (LMS) (Keengwe & Agamba, 2012) .
Through the Moodle platform, the LMS can help in teaching and learning in various aspects, including enabling teachers to provide students with materials of different types or real-time interaction with students. Moreover, it can be used as a learning resource for students, in many forms such as plain text, links, a source of references, or a repository for related documents. Moreover, Moodle can create activities that encourage learning, such as a forum (webboard), messaging, or chat, allowing students to exchange ideas, homework assignments, or quizzes, which enhance learners' understanding or enable students and teachers to communicate beyond the classroom. All of these activities encourage learners to be more enthusiastic about learning, including through preparation before entering the classroom. In addition, Moodle helps to promote teachers' activities across disciplines through their working together in order to share the responsibility for their students during the course (Schneider & Binder, 2019) . This is consistent with learning in modules or block systems, which normally integrate across disciplines both vertically and horizontally, as managed through the problem-based learning (PBL) model.
PBL is a student-centered teaching method in which learning results from the process of working towards the understanding or resolution of a problem. The problem, first encountered in the learning process, is normally designed based on the most common or relatively common real patients' problems. It is used to assist students in discovering their learning needs in order to solve the patient's problem in the scenario. After analyzing the process with peers in a group setting and researching it through the selfdirected learning (SDL) process, students conclude what they have learnt, supporting it with relevant information and evidence. The entire PBL process is under close observation by the facilitator. The main skill acquired from PBL, claimed to be key for medical students, is the SDL. In doing this, students gain integration of their knowledge related to the problem directly from their SDL, which develops the ability of literature-based inquiry necessary for acquiring lifelong learning skills (Sun et al., 2018) . Based on this fact, to support medical students' self-learning and to encourage their active learning, the Faculty of Medicine, Thammasat University, where the medi-cal curriculum has been based on the PBL since its establishment, promotes using online learning platforms, such as Moodle as an LMS tool.
At present, the Moodle platform is applied in a variety of medical schools, such as the Pacific Northwest University of Health Sciences (Ye, 2015) and the Pakistani Medical Universities (Memon & Rathore, 2018) . They agree that Moodle is a convenient and effective LMS that delivers a powerful set of learner-centric tools and creates learning environments that encourage both teaching and learning. For this reason, LMS use is widespread, e.g. the Moodle platform, also in Thailand. Apart from this, its popularity result from their considerable benefits, i.e. they provide easy access to lesson contents via the Internet, which makes it 24-hour accessible without any limits in terms of lessons, locations, or times. Additionally, the key characteristics of learning through the Moodle platform that result in increased efficiency of teaching and learning are as follows: (1) learning efficacy through the 'anywhere, anytime' approach, (2) flexibility for supporting learners to access content on an as-needed basis. Moreover, due to its multimedia approach, the fact of the availability of various resources, such as web contents, videos, audios or files, can be communicated or shared; additionally, collaboration on tasks is possible throughout the course. This makes for a better class environment for collaborative learning and encouragement of discussion and interaction among students and teachers. In addition, Moodle also has a system that can measure and evaluate test results, with information passed on to learners immediately (Gamage et al., 2019) , even in large group teaching sessions (Herbert et al., 2017) . Lastly, Moodle is also an effective learning platform for teaching and learning within distance learning module systems (Półjanowicz et al., 2016) .
Thammasat University (TU) has also been applying the Moodle platform as an LMS for five years at various courses. Subsequently, both clinical and preclinical level teachers at the Faculty of Medicine, TU, have been organizing courses via the Moodle platform with a variety of resources and activities, for example: teaching resources, various test materials, information on conference topics, sharing book recommendations, among others. Based on the massive contents in the field of medicine, using resources through the Moodle platform is not only beneficial for students due to the variety of tools capable of creating learning materials, but it also enhances the learning effectiveness through instructors' support. Moreover, posting the syllabi, assignments, teaching materials, course readings, etc., in Moodle reduces paper consumption and printing-related waste on campus in the move towards TU Green University. However, according to a systematic review of the effectiveness of Moodle at the preclinical-medical level of PBL curricula, related studies have been published (Kumar & Shastri, 2017; Popovic et al., 2018) . Therefore, a cross-sectional study was conducted in order to explore both the attitudes and the effectiveness of using Moodle in teaching and learning of second-and the third-year preclinical medical students at the Faculty of Medicine, TU. In addition, the preferred students' approach concerning Moodle (students' preferred behaving style, SPBS), such as the preference for taking every quiz in Moodle versus the preference for doing quizzes only in the classroom, was explored. The results might be helpful for Moodle instructors to improve its effectiveness in medicine in the 21 st century.
Materials and Methods
The research was conducted in second-and third-year preclinical medical students during the years 2017-2018. Every participant was allowed to access Moodle along the preclinical curriculum as shown in the example in Figure 1 . Questionnaire design: The study was conducted using a 27-item selfconstructed online questionnaire (five-point Likert scale ranging from one to five; 5: strongly agree; 4: agree; 3: have no idea; 2: disagree; 1: strongly disagree). Some of the questionnaires were adapted from studies by Marikar & Jayarathne, 2016) , while the data analysis was based on the ordinal scale, i.e. using nonparametric instead of parametric tests. In the first part, the questionnaire begins with the demographic characteristics of the students, such as gender, year of study, and student performance (grade point average, GPA). The next part is designed to obtain information on (1) 
Data analysis
After obtaining the ethical approval by the Human Ethics Committee of TU No. 1 (Faculty of Medicine) (MTU-EC-SA-0-063/60), the data was collected and analyzed by medians and inter-quartile ranges (IQR) using the Statistical Package for the Social Sciences (SPSS). Mann-Whitney test was used for comparing the results between second-and the third-year students, while Spearman's correlation coefficient (ρ) was used for the assessment of the relationships between the SPBS in Moodle and students' performance. Results at a level of p < 0.05 were considered statistically significant.
Results and Discussion
Based on 86.60% response (291 out of 336 medical students), the demographic data showed that the response came from a higher percentage of second-year students (52.58%) compared to third-year students (Table 1) . Teeranai Peerapolchaikul, Nuchanart Suealek, Panadda Rojpibulstit This may stem from the fact that second-year students are fresher and more enthusiastic in providing useful feedback to develop better outcomes that they would benefit from in the next academic year, compared to third-year students, who mostly concentrate on their upcoming comprehensive and national license exams. In addition, the demographic data showed that the majority of responders were female (53.95%), which may be due to the fact that most medical students enrolled at TU are female. This is strongly correlated with the report by the Washington-based Association of American Medical Colleges (Association of American Medical Colleges, 2017) which reports that the gender ratio of first-time applicants in medical schools in the United States tends towards female.
In addition, the data showed that most students access Moodle via portable devices such as tablets/iPads (52.36%) and smartphones (27.83%). Moreover, places such as home or dormitory tended to encourage students' learning and allowed them to access Moodle more frequently (30.53%). Interestingly, the majority of students can easily manage Moodle (91.75%), correlating with the fact that students of the generation in question grow up with technology and are more likely to learn how to use it faster than those who are not used to it as much ( Figure 2 ). Furthermore, the responses concerning students' attitudes towards Moodle showed that the top four attitudes were that Moodle helped the students to (1) be more comfortable (MD-2 = 4 (4,5), MD-3 = 4 (4,5)), (2) prepare themselves before class (MD-2 = 4 (4,5), MD-3 = 4 (3,5)), (3) enhance their learning capability (MD-2 = 4 (4,5), MD-3 = 4 (4,5)), and that (4) Moodle is an effective tool (MD-2 = 4 (4,5), MD-3 = 4 (4,5)), while the assistance of Moodle in classmate interaction and being an inconvenient learning tool were the two attitudes with the lowest scores. This supports the fact that the medical students at TU feel that Moodle benefits their learning (Table 2) . Moreover, all of these are the main factors for encouraging students' active learning. This corresponds with principle 3 (Encourage active learning) of Chickering and Gamson's (1999) seven principle guidelines for good teaching practice. The aim of this guideline is to improve teaching and learning at the undergraduate level. However, active learning will not be successfully promoted if the handling of students' information and communication technology (ICT) is insufficient (Turner et al., 2017) or if teachers lack the necessary digital knowledge, as shown in a number of reports (Greene, 2018; Hatlevik & Hatlevik, 2018; Howard & Mozejko, 2015) . As a consequence, as per the 21st century, providing a longer training with Moodle for both students and instructors could promote the benefits of using it. Lastly, an insignificant difference between second-and third-year students' attitudes towards Moodle test was shown using Mann-Whitney U (median score of attitudes for MD-2Att = 4 (3,4), MD-3Att = 4 (3,5), p = 0.083). This shows that, from students' viewpoint, Moodle steadily supports students' learning during the preclinical years. Additionally, Table 3 presents the effectiveness of Moodle as perceived by the participants. Since third year medical students have one year's more familiarity with Moodle than second year students, who have just started to use it, the question is whether the more they use Moodle, the more effective the learning process. Hence, differences in attitudes concerning Moodle effectiveness among students at each year of study were compared. The top five effectiveness scores were as follows: (1) great quality of files uploaded (MD-2 = 4 (4,5), MD-3 = 4 (4,5)), (2) adequate files for learn- ing (MD-2 = 4 (4,4), MD-3 = 4 (3,4)), (3) lesson plan well related to course outlines (MD-2 = 4 (4,4), MD-3 = 4 (4,5)), (4) easy communication (MD-2 = 4 (3,5), MD-3 = 4 (4,5)), and (5) learning activities consistent with course contents (MD-2 = 4 (3,4), MD-3 = 4 (4,5)). These results imply that Moodle has the potential not only for file management without decreasing their quality but also for flexibility in organizing course materials, thereby allowing instructors to communicate well with their students. These results support our successful blended learning model (Horvat et al., 2015) (i.e. mostly face-to-face lectures with online resources in classes at each academic year, as opposed to pure online learning), designed to maximize the benefits of the platform in facilitating student learning more effectively, rather than as a robust educational experience. Moreover, both secondand third-year students agreed that Moodle encouraged their self-learning (MD-2 = 4 (3,4), MD-3 = 4 (3,5)); this finding correlates strongly with an educational study on students' satisfaction with the Moodle platform (Manzanares et al., 2019) . This also aligns with Moodle's educational philosophy (Moodle, 2012) in that when used appropriately, the platform can facilitate SDL. From this perspective, not only does it serve the curriculum, but it also fits the PBL character of our medical curriculum. As is known, PBL is a well-recognized form of medical curricula worldwide, one that encourages students to experience life-long learning through the development of SDL skills (Bodagh et al., 2017; Loyens et al., 2008; Malan et al., 2014; Murad et al., 2010) . Improved student capacity for dynamic independent learning through the Moodle platform, as exemplified by our medical school, may result in more competitiveness upon graduation, thus reducing the risk of patients receiving poor quality medical care (Marzo, 2018) .
Remarkably, the three lowest scores were 'Students' participation and interaction', 'Enhances students' critical thinking', and 'Develops students' creativity'. These results were very surprising as Moodle is equipped with many features to support students' participation/interaction, such as through interactive quizzes providing students with feedback after they finish them or through a live chat between students, which could allow them to share their thoughts, with the instructor observing and giving feedback. Both of these tools have been found to increase problem-solving and collaboration skills (Lazakidou & Retalis, 2010; Turner & Leydon, 2012) as well as critical thinking skills (Meredith, 2014) . Moreover, it was also found that developing students' creativity through Moodle during the surveyed period was placed at the bottom of the ranking. All of these might stem from the fact that even though Moodle has various features, it still depends on instructors to adapt and utilize those tools as well as on the proper design of learning and teaching (Songkram, 2017) , such as through the use of project-based activity (Sompong, 2018) . In addition, when comparing the effectiveness of Moodle between second-and the third-year students (Table 3), an insignificant difference between MD-3 and MD-2 was also found in respect to median (IQR) scores 4) , MD-3Ef = 4 (3,5), p = 0.130), which correlates with the study of Półjanowicz et al. (2013) This result shows that students using Moodle for a longer period of time may perceive a greater benefits from using it.
Apart from students' attitudes towards Moodle and its effectiveness, Table 4 presents the results of SPBS concerning Moodle. Interestingly, the top three scores, both for second-and third-year students, are as follows: 'Prefer using Moodle to download learning files', which supports the result presented in Table 3 , i.e. that Moodle is an excellent tool for file management and organizing course materials as well as keeping the files in good quality so that students can access learning contents more easily; 'Prefer doing multiple choice questions (MCQs) to essays', possibly because MCQs are easier to use when evaluating knowledge. It was found that assigning quizzes through an online course helps to assess learner's knowledge and provide feedback, assisting them in creating their own learning path (Chauhan & Goel, 2016) ; and 'Prefer full concentration on lectures', reflecting a characteristic of medical students in that they have to collect as much information from the lectures as possible before self-studying at home. The data also shows the two lowest scores to be 'Prefer sending questions through Moodle' and 'Prefer to exchange ideas with other students via Moodle platform', both of which reflect the disadvantage of Moodle in the area of communication among students and instructors in that even though Moodle has various features that support the communication, it depends on instructors to applied those tools to enhance communication. Interestingly, a more positive correlation between 'Prefer doing quizzes in Moodle to in classroom' and 'Moodle enhances learning capability' was found for second-year students in comparison with third-year students (ρMD-3 = +0.496, ρMD-2 = +0.253, p < 0.005) (Table 5, left). It is surprising, however, that no correlation between students' active involvement in doing quizzes in Moodle with students' performance was found (Table 5, right) . This might be because of the fact that all quizzes are self-scored and unmarked, solely for formative practices/exam preparation, not included as part of any final grade (Moore & Iida, 2010) . This also correlates with Sajid (Sajid et al., 2016) , in that blended learning and flipped classroom are helpful in exam preparation and concept clarification, but no significant increase in students' academic performance was found. On the other hand, this constitutes a limitation of this study as participants' self-test scores were not corrected and compared with their performance. If they had been collected, this would have been beneficial in interpreting the results in order to improve e-learning materials for better academic achievements.
Conclusion
This paper reports that Moodle is preferable as a platform to support students' learning in PBL curricula. It consists of various effective tools that could be utilized to create learning contents. These tools could help instructors conduct their lectures more effectively. However, instructors need to upgrade the abilities of Moodle, especially in the low-scoring aspects. A systematic plan for improving Moodle's capability such as student feedback or a Moodle training programme for instructors should be initiated. Furthermore, for the highest benefit for the current generation of students, Moodle's capability would be more effective if instructors utilized it to generate interactive classes or flipped classes, which would challenge students' critical thinking and teamwork skills.
